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(54) Elastomers and producis having reduced hysteresis and process for the preparation thereof 

(57) An anionic initiatof system forined tjy the reac- 
tion prcxluct of: (1] an organolnniuni cofnpound wftn (2) 
the reaction product ot (a) a heterocyclic hng contaniog 
a secondary anrnne and 

(b) cbiSOprQpenyi benzene, is empiqyec to anionicaily inr 
tate polymerization and io produce an eiastomeriC pol- 
ymer containing netecocyciic functionaj atos 
incorporated at tne nead of me polymer cnam. Tnes© 
polymers are conpounded to exhtoit reduced tty^^ esis 
over corwenlionally prepared polymers. Methods are 
also protfldea for preparing itie functionatized polymers 
and eiastomeric rubbers ha^ng recUiCed Hysteresis. 



o 
&n 

CO 

CO 

o 
Q. 

lU — — 

PAGE 11/35 * RCVD AT 5/30/2007 1:26:01 PM [Eastern Daylight T^^^ 



05-30-07 13:31 FROWhRENNER KENNER +330-376-9646 T-744 P. 12/35 F-248 



Description 

5 Tlu6 invention relates to an anionic poiymenzation of diene monomers and oomonomers to produce poiymer end 
copolymer eiasiomers having a heterocychc tertiary amine group on tne initiated enfl of each polymer cnain. More 
specifically, tne present invemioo retetes to tne use ot an anioo»c jnrtiaior system forniea Dy sequentially reacting diiso- 
propenyt oenzene with a heterocyclic secondary amine and then with an ofganoiitnjum coi^vound to prepare diena 
potymere and copolymers hawing reduced hysteresis charactertsacs. 

10 Anides such as tires, power helts and the like prepared from these polymers or oopolymers exhlDit increased 
redouf«. decreased rdhng resistance and less heat buiid-up during mechanical sirese operaflon. 

If tt 1$ desirat^e to produce elastomeric compounds exhiDiting reduced hysteresis. Such elastomers, when corrb 
pounded to form articles SuCh as liree. power kietts and the IM. $how an increase in rebound and a decreased roilir^ 
re&sianca and di^iay less heat Du3d-up when mechanical stresses are ap^^ted 

Previous anempts at preparing reduced hysteresis products have included temperature mixing of the fiUer- 
njhper mixtures m tne presence oi selectively reactive promoters to promoifi compounding material reintbrcemem: sur- 

so ^ce oxidation of the compounding materials; chemicat modif icatione to the terminal end of polymers using teuametn- 
yidiaminoDenzophenone (Michlers Ketone), tin coupling agents and the HKe and. surface grafting thereon All of iheee 
approaches nave ttx^jsed upon increased imeractlon tietween the elastomer and the compounding materials 

It has also been recognized that carbon bIdCK employed as a reinforcing filler in rubber compounds, should oe wen 
dispersed throughout the rubber in order to improve various physical properties. One example of the recognition is 

25 provided in published European Patent Application £P 0 316 255 A2 which discloses a process tor end capping fdy- 
oienes by reacting a metal terrrnnated poiydiene wtth a capping agent such as a halogenated nitrde. a h^erocyciic 
aromatic nitrogen containing compound or an alKyl benzoate Additjonaily. the application discioses that both ends of 
the pc^ydierte chains can be capped with polar grotps by utifoing functionaiizeo imtatoFs, sucn as lithium amides 
u S. Patent Na 5.153.1S9. to Anttowiak et ai. disdoses an anionic poiymenzing initiator formed by the reaction 

30 product of a f uncnonaiizing agem selsaed trom the group consisting of substituted aJdimines, Ketimmes and seconaary 
amines, and an cMganolithium con^nd These initiators are used to prepare eia^omerk: poiymere having functional 
sites at the Initiator end of the polymer c^ain and exhbiung reduced hystere^, however their use produces undesirable 
side etlBCts Since these functionaiizing agents initiate poiymertzation from a nitrogen atom initiation rates are im and 
termination reactions occur that promote undesirasie branching. Furthermore, only batch polymerization techniques 

35 can be employed utilizing tbe nitrogen atom mrtiatea polymerizations since lower reaction temperatures must be main- 
tained to limit side reaaions 

QfiipfTTR nP THE INVENTION 

40 It IS tnerelore an object of the present invemion to provide a process tor aniontc polymenzation uang initiators that 
proouce polymer chains having heterocyclic functional end groups at incrsased inmauon rates. 

It is another opiect of the invention to provide f unaionalized polymers having activa teririnai groups resulting from 
carlMnHithlum initiation 

His another opieaof the present invention to provide a method for preparing lunct»onalized polymers having active 
*5 ternwial youps in serm-baich and continuous commercial processes. 

It IS another cbjea of the present invention to provide vuicanizabte eiasiomeric compounds having reduced hystw- 
asis at elevated tempefaturBs. 

Si3i another obiect of the presem invention is lo provide a method for the preparation of viicanizawe elastomeric 
compounds having reduced hysteresis 
so It is still another cctjea of the presem invention to provide an improved pneumatic tire having decreased rdhng 
resistarKe. 

These and omer objects together with the advantages thereof over the exisbng art. which snail become apparent 
from me speotication wtMh follows, are accomplished by the inversion as hereinafter described and ciainted. 

55 SUMMARY OF THE INVENTION 

The presem invention relates to a memod of preparing lunctonahzed polymere by tne steps of terming a solution 
of one or more anionically pdymenzatJie monomers m a solvem and. initiating the polymerization of the nwnomers w»th 
an initiator aime form of a reaction product of : (i ) an organoiittnum compound and (2) a precursor tunctionaamg agem 
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fof med toy tne reaction of a neterocyclic secondary amine and dirsopropenyl oenzene (DiPB). wher an a functionaJ group 
dertved from the reaction pr OQuct is incorpomted onto t^e pglymef chain at the initiator end and the lithium atom from 
the orflanoiiihium compound is carried at the other end of the polymer prior to quenching The process of the present 
invemion produces funcfionalized polymers ha«ng a polymer cnam carrying a funaionai groi^) X at the Iniiiator end. 

5 wherein the functional Br<M:> X is derivoj from the reaaiwi product x-u of an wganoinhium connpownd and a precursor 
tunctionaltzing agem. ihe precursor functionalJzing agent he*ng formed by pre-reacling diisopropenyl bentene (PIPB) 
and a heterocyclic ring containing corrpound ha^nno a nitrogen atom of a secondary amine as a nng awn. The polymer 
chain of me funoionali2ed polymer has a lithium atom from the organouthium compound earned ai the other or living 
end of the polymer chain prior to quenching 

10 Accoroing to the present invention vulcanizaDie eiastomer*c polymers having reduced hysteresjs properties are 
produced The etefitofT^'ic polymer has chains carrying the functioTai group X at tne initiator end. wherein X-u is the 
reaction product of an organolithium compound and a precursor functionaiizing agent formed by the reaction of a het- 
erocyclic ring containing a nitrogen atom in the ring from a secondary amme and DiPB; and the lithium atom from rhe 
reaction product attaches on me living end of the polymer and is carried at the other end of the polymer cnam pnor to 

75 quenching. The eiastomeric polymer is additionafly Wended iMth from about 5 to 80 parts by weigm of carbon oiacK per 
too parts Gf the polymer 

An improved tire tread, sub-tread, body ply sidewai) and other parts of the tire, singly or in combinations, having 
decreased roaing reasiance is produced from riisber stocto cont^mng tne vutcanizabie eiastomeric composmon pro- 
duced aocoramg to the present invention and from about 5 to 80 parts by weight of carbon biacH. per 1 00 parts d me 
90 pQlymer. 

PFTftH-FP nSf^CRlPTKWQFTng iNVENTlOfel 

As wilt become apparent from the descnpiion which follows, me present invention provides a novel initiator foraniomc 

2$ polymerization of c^ene homopoiymer and copolymer elastomers Polymers prepared with these initiators comam a 
heterocyclic ring containing a tertiary amine as a terminal group. TT)e vuicanizatale eiastomeric oonpounds and articles 
prepareo from mese compounds contain f unc^onally ter minated polymers exhibiiing useful properties, particularly exhib- 
iting reduced hysteresis Hysteresis is generally known as the failure of a property tnat has been changed by an external 
agent to return to its or ^ai value when me cause of the change is removed When corrv^ounded to maKe products 

50 suCh as tires, power belts and me liKe. these polymeric products exhibit inaeased rebound, decreased rolling resistance 
and less neat build>up during periods of applied mechanical stress. 

The initiators, according to the presem invention, are anionic and are formed by the reaction ol (l) an organoirthium 
conpound and (2) a precursor funciionalizing agem that is formed by reacting a heterocyclic nng oomaimng seoonoary 
amine and diisopropenyl benzene (DlPB). The organolithium oonpound has me general formula RU where R is selected 

S9 from me group consisting of aiKyis. cycioaiKyls. alkenyis. aiKynyls. aryts and aralhyls having from 1 to about 20 carbon 
atoms and shon Cham lengm tow molecular weight p^ymers from diolef in and vinyl aryi monomers having up to about 
25 un\x%. Typical aiKyis include n-buiyi, s-butyt. methyl, ethyf. isopropyi and me yke. Tne cycioaiKyis mauoe cydohexyi, 
cyciopervtyl and me Nkb. The alKenyts mdude allyl. vinyl and tne liKe. The aryt and aralKyl groups inciude phenyl, benzyl. 
o^go(8tyryl) and me tiKe. ^stsnpBiy shoa chain length polymers include me aligo(buta(ti6nyis}, oligo(i8oprenyls). 

40 oiigo(atyr>i&} and the liKe. 

in the production of the precursor funcrionabzing agent, me heterocyclic ring containing secondary amine can be 
any heterocyclic compound comammg only one secondary amine group in the nng wim me proviso that me heterocycbc 
compound can contain no subsiituents tha are reactive wtth Irmium or DiPB other than me secondary amine. Repre- 
sentative heterocydjc oompounos useful in me present invention have me formula (I). 

45 



SO 




wherein me Rr NH nng of formula (1) represents any hetenxyOic ring compound containing a nitrogen atom ot a sec- 
ondary amineasa ring atom and the heterocyclic nng is free of Substituente or unsubstituted nng atoms that are reactive 
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w«n muro or alKylene groups "me neierocydic connpounds ot loi mula (i) indwOC oui are not limited 1q: morphotme. 
thiomorpnofinB N-(lOwfer alKyi)15iperazine. N-aryl-pip©ra»n©, v(2-pyrKJyi) pipera^ne. pyrrole. S-pyrroline. pyrazole. imi- 
dazole im^Jazoiine, indole, inooiine^ punne and azaCyOoaiHanes R, is pretera»3ly •lCri2)rO(CM2)2-; • (CHJrS-tCHda- 
• -(CHdz-NRr iCHdr : ^ i^^iipr wnerein p is an irtlegef from 3 to a&Oifi 20. preferaDly 4 to 12. PreferaWy the Ri groi^j 

5 is formed from mettviene groups Donq<ng wrth me nitrogen atom to torm an azacydoaflane neterocyaic nng Having a 
totaJof4to2l nng atoms, preferably 5to 13 ring atoms The rieterocycjicnng compounds o^iorrnuia (I) can be opiiona^^^ 
MsinaieQ with one or more, preferably one to four substituentB that are non-raacUve wnn lithium or PiPB including 
Put not hmned to: alKyl groups and cyctoalKyi groups such as methyl, ethyl, propyl, butyl, ociyl. cyciohej{y| and the liKe 
or aryi groips aikojcy groups. alKyoxyaJKyi groups. aryialKyi groups and the liKe. Exemplary azacycioaiKancs are 

10 HN(Ch2)5 namely, piperidinB. MN(CH2)4. namely. pyftOWine. HNtCHds. namely. hexariTfitnyien^mm and HNlCHdi2, 
namely. dOdocamethylenaimme. Other preferred heterocyclic eecondary amines indudo morpholine ftrtd N-motnyi-pip- 
erazine 

These heterocyaic secondary amines are reaaed with diisopropenyl benzene (DIPB) represented by the foriTMia 

(II) 

16 



SO 

III) 




Wherein TWDof the Ra. R> Rc^Rd, R»and Rf radicals are isopropenyi radicals and each of the rernaining R^-Rfradi^ 
^ are MependenUy hydrogen or an alKyl or cyctoalKyi radical corTtatn«ng 1 to 6 cartMn atoms 

The reaction product of DlPB with a secondary am'^e results in the formation of a precursor functionahzmg agent 
comatning a lertiary amine having the structure (111)* 



95 

(XII) 



40 



45 



50 




Preferably the DiPB is reacted with the heterocyclic secondary amine in. at least, a vi ratio, so that a second 
pendem isc^jropenyl ^oup on me DlPB remains unreacted for Siibeequent reamon with tne organoltthiwm compound. 
The formation of the precursor funcuonal«ng agem is preferably conducted in an aprotic solvent sucn as hexane if it is 
to be used without furtner punf icaHon Alternatively The precursor funcnonaltzmg agem awa be purified before further 
use. 
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"m© precursor fur«nK5naiizing aQfini vs tbrmed by (1) reacDng a hetercxyciic ring comaimng secondar/ ar^r^e (for- 
mula l)andd«sopropenyi Denzene (tormuia II). ana (2) subsequenily reactirig the precursor functionaiizinQag«n(forifwia 
111) formed in siep (!) wim RU to form a funtionalaing agem. X-u. as displayed tn formula (iV) 



5 




15 and wherein R have been previously defined and the Rr N heterocyclic radical is tne radical remaining upon me removal 
of the secondary amino hydrogen (RrNtO from the heterocyclic ring compound of formula (IJ. 

Ihe initiators or f wnaionaiizmg agents of tne present invention are used to polymeriie monomeis into living poly- 
mers". The general formula or a 'living polymer" contdir^ a funciionalizing group X of the f unctionalizing agent X-U 6 
displayed in formula (V). 

20 

(V) X-- polymer 

wnerein the polymer is any of the foregoing diene homopoiymars. monovinyl aromatic homopolymers. Oiene/monovinyi 
aromatic random copolymers and blocK copolymers and X is the radical or f unctionalizmg group remaining from the 

25 functionaiizing agent after the iitnium atom has initialed polymerization of monomers arvi has been separated from the 
functionalizing agent and lemoved and transponed along the polymer chain The lithium moves down the growing chain 
as pdymenzaiSon continues. It should be apparent thst the lithium atom from tne reaction product x is earned by the 
other end of me growing polymer chain as depicted hereinabove, until the reaction is quenched. 

The initiator, also caned the functionalizing agent, is an«>nic and according to the present mvention can be produced 

90 by preparing a solution of the precursor funaionaiizing agent m an armydious, aprotic solvent. Such as hexane. To this 
soujtton IS then added the organolithium catalyst (RU) in the same or a similar solvent The precursor functlonauzing 
agent and ma RU are afiowed to react for an appropriate period of time, e g. 24 hours at 25° C. or 20 minutes at SO"* 
C. after which time me catalyst is ready for use. It is not necessary to rentove me Boivem inasitfcich as me anionic 
polymerization is conducted m me same or a compatiDie solvem Amounts of me tvw) reaoams range from about 0.2 to 

S5 3.0 mmoies of precursor functionalizing agent to 1 0 mmoie of organolimium catalyst, wim equimoiar parts being pre- 
tarred It is to oe appreciated by one sKilled in me art mat vaiious reaction tenperatures and times may be useful and 
are wimin me scope of me present invention 

The amount of initialor or functionalizing agent to be used in me polymerization process depends upon me type of 
polymer desired. An effective initiator level is normally in the range of about 0 25 to ^00, peierably 0 50 to 2.0 miiliequiv 

40 alents Of effective iimium per lOO grams of monomer cnarged to me polymerization system Effecive litftium is me 
amount of iitnium ^e to inmate and propagate polymer cnains after inpunnes such as water have been reacted 

As stated above, the initiator acts as a function^izing agem and is employed to ini^te and prepare any aniontcally 
polymerizawe polymer, such as polydienes e.g poiybutadiene, polyisoprene and me like, and copolymers mereof wim 
monovinyl aromaiics sucn as styrene. alpha-memytetyrene and me ld<e. or menes such as myrcene. and omer polymers 

45 tnai are Known to be poiymerirable by anionic organdithium iniDatora, e-g. polyethylene, poiylvinyl aromatic hydrocar- 
Donsj sucn as polystyrene, and tne liKe. Thus, me elastomers include diene homopolymers and copolymers mereof wrth 
monovinyl aromanc polymers Exemplary diene homopoiymere are mose prepared from diolefm monomers having froin 
4 to about 12 carbon atoms Exen^aary vinyl aromatic polymers are those pr^wed from monomers having from 8 to 
about 20 carixjn atoms. Prefen-eo polymers are elastomers inclucSng diene homopolymers such as poiybuiaoiene and 

50 poiyisc^ene and copolymers such as styrene butadiene rutaoer (SBR). Polymers and copoiymefs can gompnse from 
about 100 to 30 percent by weight of diene urvts and from aoout 0 to 70 percent by weight of monovinyl aromatic 
hyorocaibon or trieno units. t«aQing 100 percem The polymers and copolymers of me present invention may nave l .2- 
miaosiruciure comems ranging from about 8 to about lOO percem, wm me preferred polymers or copotynfters having 
t .2-mK:rostruaure contents of from about lO to 70 percent, based upon tne diene comem. 

ss The copolymers are preferably random copoiymerB whi«i result from amultaneous copoiymehzation of me mono- 
mers forming poiymers wim random distrubuiion of A and. B monomers, as is Known m me art The WocK copolymers, 
e g. poly (b-B-o-A-ij-B), resuii from me separate polymerization of me monomers forming B-A-B polymers as is Known 
in the art. Such wock copolymers include poiy(styrene-butadiene^ene) are mermopiastic eJasiomers. 
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Polymerization is usually oonductad in a conventional 8olvemlbr antomc poiymerizaiione such as hexane. cydonex- 
ane. Denzene. letranydrofuran ana tne uyod. Techniques tbr polymen^aiton Sucn as batcn, semf-batch and continuou& 
polymenzation may &e enployed. The novel initiaTorB of tne present tns^ention are particularly u$d(u) for semi-batch and 
continuous poiymen^ations of butadiene, isoprene, and styrene as prior techniques usmg iJthium amides or uihiators 

5 having tnmation beginntng from a nitrogen atom have geneially resimed in polymerizations that ha^e setf'tof minated 
before all the monomers have poiymenzed. 

In order to promote fandorwatwn in copoiymenzation and to increase vinyl cxxitent. a modifier may optionally b© 
added to the polymenzation ingredients. Amounts range oetween 0 to 90 or mora equivalents per equivalent of lithium 
The amount depends upon the type of modifier and the amount ot vinyl dBsired. the ievel of styrene empioyad and the 

10 lemperaiure of the polymenzatons. as well as me precursor lunctionalizing agent selected to form the mitiaiof . 

Compounds useful as modrRers are organic and include those having an oxygen or n^rogen hetero-atom ana a 
non-bortied pair of electrons. Ejqmpies include diolKyl ethers of mono and ofigo alKyiene glycols: ''crown" ethers, tertiary 
amines Such as tatramethy lethylene diamine (TMEDA). tetrahydrofuran (ThF), ThF oligomers such a& linear and cyclic 
oligomeric oxoianyi alKanes as described in u S Patent Na 4.429.091 and the liHe 

i5 Polymenzation is begun oy cnargmg one or more monomofs ana soivem to a suitable reaction vessel, followed by 
the adcfition of me modifier and the initiator solution previously desoibed. The procedure iB carried Out under anhydrous, 
anaerobic conditions The reactants are heated to a t^nperature of from about •30'' to i SO'^C. and are agitated tor about 
0.1 5 to 24 hours. Atier polymerization is complete, me polymer produa ts ter mmaied m one or more ways For exanpie, 
a protic quenching agent may be employed to give a monofunctionai polymer chain. Quenching may be conducted m 

20 vkrater. Steam Or an alcohol SuCh as isopropanol. or any other Suitable method 

Alter natively, the polymer rnay be terminatea with another reactive moiecuiet^ 
would include tin tetracr^nae: K^icniers Ketone. i.3-dimetnyl-2-imidazoiidinone. valKyi substituted pyrroltdones. e.g.. 
methyl. l«methy|-2'pyrrolidone. ethyl, propyl, butyl and the Itke. l-aryl Substituted pyrrdtdones. e.g . phenyl, and the like: 
certain Schiff bases and the like. 

26 Further examples of reactive molecules include the temiinators aescnbed in u S. Patent No. 5.066.729. tne si^:^ 
maner of which is inoorporated by reference herein. It is to be understood that practice of the present invention is not 
limited solely to test temtinators inasmuch as other compounds that are reactive with the polymer bound camon-iithium 
moiety can be sheeted to provide a desired functional grOi4? Funnermore. coupling agents may oe used as displayed 
in the toHowng ecanrpies indudmg SnCu, dimethyl silicon dicnionoe. dthaioaiKanes such as dibromoetnane and dibro- 

30 mcuyiene. esters such as methyl benzoate. phosphonilriltc chlorida trimer and tetramer and the like to produce polymers 
that have funct»nai groups X on both ends of the polymer chain to further reduce hysteresis in the subsequent com- 
pounded polymers 

Quer^ng is usually oonduaed by mixing the polymer and quenching agent for about 0 05 lo about 2 hours ai 
(empBratures of from akxxjt SO"" to i^O** C to insure complete reaction. Polymers terminated with a funcbonal agem SuCh 
95 as a Schiff base and me iiKe. are subsequently quencnea vimn aiconoi or omer quenching agent as described herein- 
above 

l-asny, the solvent is removed from the polymer by drum drying, extruder drying, vacuum drying or the like, which 
niay be combinBO with coagulation with water, alcohol or steam If coagulation wim water or steam is used, oven drying 
may t)e desirable 

40 The polymers of the present invemion contain a functional groi^ at tne head or. if coupled, at both ends of the 
polymer cham rather than only at tne terminal ena of the chain. These tunctional groLY>$ have an affinity lor compounding 
matenais such as carbon blacic Such con|X)un(fing results in products exhibiting r^uced hy^er esis^ which means a 
product having increased rebOuhd. decreaeed rolling resistance and exhibiting reduced heat build-i4> when subjected 
to mechanical siresa. The polymers of the present invemnn are useful Hx producing products tnciudirtg tires, power 

f6 Dens and the like. Decreased rolling resistance is. of course, a useful property for pneun^ tires. boiVi radial as well 
as bias ply types and thus, the vuk:anizabte eiasiomenc compositions of the present invention can be utilized to form 
TreaostocfG, sidewaUs. body phes and other pans for such tires. 

The polymers of tne present iovemion can be utilized as lOO parts of the rubber in the treadstocK compound or. 
they can be blended with any conventionBiiy errptoyed treadstocK rubber which mcfudes natural rubber, synthetic rubber 

59 and blends thereof. When the polymers of tne present invention are blerKled with conventional rubbers^ the amounts 
can vary wioeiy with a lower limit comprising aboqi lO to 20 percent by weight of the total mbber It is lo be appreciated 
that the mmimum amount will d^nd primarily upon the oegree of reouceo hysteresis that is desired. 

The polymers can be compounded with all forms ot cartoon black in amounts ranging from about 5 to dO parts by 
weight, per 100 parts of rubber (phr). with about 35 to 60 phr being preferred. The reinforced rubber compounds can 

ss be cured in a conventional manner with Known vulcanizing agents at about 0.1 to lO phi. For a general disclosure of 
suitable vulcanizing agents one can refer to Kirk-Othmer. Encyclopedia of Cnemicai Tecnnokigy, 3rd eo .. WQey inter- 
science. f^Y. 1982. Vol. 20. pp 365 - 468. partiCwlarly 'Vutoanization Agents and Auxiliary Matertals*" pp. 390 - 402 

Vulcanizing agents can be used alone or in combination. 
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vulcanizawe dastofneric compoattoos of me inv«nt»on can be prepared Dy compounding or mixing the funcnonai- 
izec poiymare here»n with carbon wacKarKi omer oonvemlonal ruCbei acwitives such as fillers, piasticizers. antjOidaante. 
curing agems and me like usmg standard rubber mixing equipmem and procedures Sucn eiasiomeric compositions 
When viicanlzed using convemwnai rubber vulcanization concStions nave reduced nyBieraBia propemes and are partiC- 

e ularly adapted for use ae tread ruObers lor tires having reduceo roning resjsiance. 

In order to demonstrate tne preparation and propwties of elastomers prepared accorcfing to the present invention, 
m EjtamplQs i to 18 a functional initiator was pr^ed by treating a precursor tunctionalizing agem, termed by reacting 
equal molar amounts of diisopropenyi benzene and nexamemyieneimine to produce -nexametrvieneiminohpropyi- 
3-isopropfinyl benzene (MMIPB) with s-butyi lithium under an inert atmosphere. The initiatQr was then used to prepare 

JO a elasiomef m soiuSon and under an inert atoKJephere. The temwiation reactions involved quencrtno with isopropanol 
or coupling with SnC^. As noted above, various techniques Known in the art fer carrying out pdymertfatiais may be 
used with these initiators wnhouc departing from ihe scope of the present invention 

EXAMPLE 1 

15 - ^ 

A bdKe-dried. nitrogen purged one gallon stainless ste^ reactor was treated with a rmse cf haxane containing 10 
mmoles of n-buiyi lithium and charged with 500 g ot i.3-Ddtadiene and 2000 g of hexano. The funciionaJ initiator was 
pr^»red by reacting equal amounts ot 2-(i-hexameihyieneimino)propyl-3-i8opropenyl benzene ie#AlPB) ano sHxnyi 
lithium at a one molar ooncemration in hexane for two hours at 25'C- and than diluting to 0 02 molar in hexane and 
20 heating at 65"C fori 5 minutes, a cnarge of 4.5 mmoles ol mis f unaionaJ inmaior was added to the one gallon reactor 
and pofymerization proceeded to completion at 50"C for A houi& After poiymenzanon was compieied the reaction was 
quenched with isoprc^ol and the polymer was recovered by drum^ying. The recovered poljftuiadiene had a motec- 
uiar weight of 140.700. a M^nO* l-^"* and a nmcrostruoure comammg 36.5%ci5^i.4-units.52.7%transi,4ninitsand 
10.8% vinyl units. 

A one gdilon reactor was prepared as in Example i and was charged with 100 g of styrene. 400 g Of 1 .3-butadiene 
and 2000 g of nexane. HMiPB was reaaed with an equwaient amount of s-huiyl lithium at a 0 02 molar concentration 

so in hexane for 15 minutes at dS'C. to form tne functional initiatQf. The reactor was then charged with 4.5 mmoiss ol the 
functional initiator and 2 25 mmoiea of 25-di(teuahydrofuryl) propane as a randomizer ana to increase the vinyl content 
of the butadiene monomer coniribuied units. The polymerization was conducted at 55'C. tor two hours. The reaction 
was Quenched with ^opropanoi and the SBR copolymer was recoyered py drunKtrying. The copolymer had a 
molecular weight of 1 55. 1 00 . a of i .31 . a vinyt content of 68^ in the butadiene monomer contritxited umis and 

ss contained 21 9% by weight of styrene 

EXftl^Pf^atComparffiiwQ) 

A control SBR copolymer was prepared m accordance wnth the procedure of Example 2, however the initiator con- 
40 sisTed solely Ol 4 5 mmoles ot n-t»utyl fithiirfn. The recovered SBR copolymer had a molecular weight of 134.800, a 
M JMn 1 32. a ©9.3% vinyl content m the butadiene ntonomer contributed units, and contained 22 2*> by weight of 
styrene. 

These exampiee display the preparation of SBR in a sennbatch process. As tdentitied in Table 1 . a functional initiator 
was prepared by reacting displayed amoums of HMIPB with either s- or n-butyl lithium at 95'C forio to 15 minutes in 
nexane at a 0 10 molar solution Additionally, each catalyst system employed 0.25 mmoles of 2.2-oilBirahyflrofuryl) 
propane as a randomftter and to increase the vinyl conient of tnabutadienecomnbuted units, except Example 6 enWPyed 
50 only 0,2 mmoiee Of randomizer. 

in each of Examples 4 to 1 0. a steel reactor was charged wtm tne amounts of functionalized irftiator as prepared 
m 0 1 moiar concentratjons m nexane in me reaaivB amounts identified in Tawe i ana wrtth the modifier. 

A blend of 65% i .3-buiadiene/3S% styrene m hexane was metered into the reactor for 90 to 1 05 nwiutes at 90** to 
100"C and polymerized Poiymerizatton was terminated wim isopropanol (rPrOH) or a SnCU couphng agent and the 
55 copotymers werorecoveredbydrumdrying. Theprapemesofthorecoveredsiyrene-buiadianecopoiymBrsaredispl^yed 
in Table i . Polymer analyses were conducted by GPC to provide molecular weight values and by MM R to prowdeamounts 
of 1 2-comem ot the diene units expressed as a percent as wen as the percent of bound styrene and styrene blortt 
Additionally the recovered copolyineis. ExaiTpies 6 and 10 displayed coupling of 40% and 66% respectively Example 
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4 wae a conirc^ ctwacierizing coiwentional anionic polymerizaiion. 
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^^m?^ '^'^ (Cnmparati^) 

A BemiC»atcn poiymertotion was run in accortance ♦im me proceduras of Examfaiee 4 to 1 0. employing an anionic 
inttiaior system oj a 50/50 itwdure of lithium pyrroliOinWe and wnium nexamethylenomide. Tfie polymerizaDon CM out 
5 achiMng onty 65% oonverBion of monomer. 

T^e recovered poiyDuiadiene polymer from Esianpie 1 vm corr^unaea w rtn 50 ptiw of carDoo DiacK and ^0 pp^ 
10 of napmnanic oil plus standard sulfur Curatives and the vuicaniwd compound dispteyed a tan 6 at 50'C. of 0,093 as 

A polymer was produced m accordance witn the procedure of Exsnple i. nowoj/er tne tunctionat rniMToi was 
replaced with S-Dutyi mnium The recovered control poiytJuradtene polymer was compounded with 50 pDw of caDon 
Uackand lO pOw of napmhenic oil and standard Sulfur curatives as in Example 1 3. The ori^nai p(«ytxiiad>ene possessed 
15 me following properties' 10% viriyl comem. M„ of 94.200. ^ 1 -23: and the recovered vulcanisate displayed a tan 
&at50*C.of0i8$. 

EXAMPLgS 14 AND 15 

20 The etyrenoHamadrene copolymers prepared in Examples 2 and 3 were each compounded wiih 50 pDw of cartxxi 
UacK and 10 pbw of napWhenic oil and sulfur cured. The compounded styrene-txnadiene copolymer of Example 2 
displayed a tan 6 at SO'^C. of 0.128 as Example 14. The compounded etyrene^tadiene copolymer of Example 3 dis- 
played a tan & at so^'C of 0230 as Example 15 

Recovered serrnDatch styrene-butadlene copolymers were corrpounded with 1 5 ppw of naphthenic od per hundred 
parts by weight of copolymer and 48 5 pDw of cartx>n DiacK The copolymer employed in Example 16 was the recovered 
SBR copolymer of ExamplB 4 The copolymer employed in Example 17 was the recovered SBR copolymer of Example 
so 7. Tne copolymer employed in Exarrple 18 was the recovered SBR copolymer of Example 6 The tan 6 at 50'C. lor 
Exam^ 16, comaming the oopoiymer of Example 4. the comrol. was 0. 1 79 and the compound Ml^ at lOO^^C. was 6i 
The tan 5 at SO^'C and compourw ML» at 100»C for Exanpies 17 was 0.127 and 60. respectively, and tor Example 18 
was 0.108 and 87. respectively. 

inasmuch ss a lower tan 6 value indicates improved hysteresis, it is readily noted that Examples 1 7 and 1 8. containing 
55 me copolymers of Examples 7 and 6. respeaiveiy, prepared wnh an initiator of me presem invention snowed a most 
favorat^le improvemem in hysteresis ovei the control polymer of Example 16 

in conclusion, it should De dear from the loregcAig examples and speafication disclosure mat me inmaiorB of ma 
present invention are useful for me anionic pdymerization of diene otonomers to form homopolymers as well as copol- 
ymers wtm monovinyi aromatic polymers or trienes The resuftmg elastomeric polymers nave a functional ^0143 at the 
40 site of initiation and a nmium atom ai me terminal, "livmg- end. After quenching, me polymers stiH retain me functional 
group at me sue of initiation, which promotes wrmorm and homogeneous mixing wim cartxxi oiacK As a result vulcan- 
izahie Biastoineric compounds containing meee polymers exhibit improved hysteresis which provides lower rolling resist- 
ance intires and mrproved fuel ecorwmy. Additionally, me hthium terminated polymers can tie quenched wim compounos 
to provide terminal functionai groups and hence, ddunctionai polymer chains. 

45 

gxampicfi I9t9?3 

in m© following examples, styrene butadiene ruisber coirposriions were prepared utilizing in srtu dispersion polym- 
erizatlon techniques disclosed in E>ampies3 to i2 in copending pdtem application u S. Serial 995.ii8, filed on Oecem- 
50 her 22. 1 992 to James Hall, whicn is herein Incorpoiated tay reference. 

Exan^e 1 9 is a oorr^rative exarrpie ar>d utilized a rvbuiyiiimium initiator Example 20 utilized an ihiiiator (PYRPB) 
termed oy a i .i molar ratio of (a) n-duTyllrthium and (D) me reaction product of equimoiar amounts of pyrrolidine and 
fliiSQpropenyUJenzene. Example 21 utilized an initiator (PiPPB) formed hy a i :i molar rato of (a) n-butyHnhium and M 
me reaction product ot eqwmoiar amoun© of ^eridine and diisppropenylbensene. Example 22 utilized an initiator 
55 (HMIPB) formed t>y a 1 :i molar ratio of (a) n-butylhmium and (b) me reaction product of equimoiar amoums cf hexam- 
ethyienemnne and diisopropenyioenzene. Example 23 utilized an initiator formed hy a 1 :1 ratio of (a] o-Outyllithium and 
fp) me reaction produa of equimoiar amounts of diemytamine and diisoproper^ytoenzene Tat«e 2 displays me propernes 
of me recovered styrene-butadiene ruDDer (SBR) polymersas well asme vmcanizate propeftieeof mese SBR polymers 
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cm cm 0119 Ml 

after corr^xjunding witn 48.5 parts by wagm of cartwa black ana 1 5 parts by weight of napmhanic oil per 100 parts of 
rubber and cunng with Sulfur 

liiSiDDeurKjersioodmaline irwention is nothmireototrie^)^ 
compounds disdosed nor to any particuiar modHier or soivem. Similarly, me examples have been provided merely to 
s demonstrate practice of tne subject invention and do not consatuie limitations of the invention. Those sKillea in the art 
may readily select other monomers and process condntons. according to the disclosure made nerelnabove 

Thus, it is believed that any of the vanaoies dtscioseo herein can readily be detennined and contro»ed without 
departii^ from the scope ot the invention nerem disclosed and described. Moreover, the scope of the invention shall 
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inctude all modifications ana varimions thai fall mfm tne scope of tne aoached claims. 
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s$ Claims 

1. A method of preparing polymers naving requced hysiaresis comprising potymerizing 30 lo TOO percent by weight 
of a diene monomer and 0 to 70 percent by wei^ of a viny» aromanc nyCrocarDon monomer in an aprotic solvent 
in tne preaence of a cataiyiically effective amount of an artomc initiator, wheiem tne anion>c lOttkaior is pr^aared py 
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reacting- n) an organomniufn compound wm (2) a precursor funcoonaiamg aaent formed tjy reacong (a) a fliiso- 
propenyl oeniene having me formula. 



10 




wherein two of tne - R, radicals are isopropenyl and tne remajmng Ra - Fit radicals are inaepandenily seieaed 
from me group oonsis&ng of nyorogen, ^Kyi and cydoalKyl comaining 1 to 6 cartxxi atoms, with [b) a heierocyciic 
ring compound containing a rvirogen atom of a secondary amine as a ring atom and the ring t)eing eeseniialty free 
of sgpstituents or unsubsutuied nog atome mal are reactive with lithium or alKyiene gra4p8. 

so 

2. TTie meinoa or claim i in which the heterocyclic ring compound corrpnses* 




30 v^erein Hi r^esents 3 to about 20 nng methylene groups and each of the meihylene grQi|>s being independently 
unsubstituted or substituted with subetituems that are non-reacttve wrtn lithium or dii&opropenyl benzwie. 

3. The method of ciaim 2 wherein each of me m^hyiene groups in Ri is independently unsubsniuted oc substituted 
with oneor moresubsntuenis selected from the group compnsmgaiKyi, cydoaiKyi, aryt. aiKoxy. aryiaiKyt. andaihoxy- 

ss alKyl grot43&. 

4. The' method ot claim l wherein the heterocyclic ring compound is selected from me group con»snng of: piperidine. 
pyrrdiOine, nexameihyleneimme. dodecametnyieneimine. morpholinethionnQrpholine. N-memyl-piperazme, N-«ryi- 
p^razine. i-(2-pyridyl)-piperaane, pyrrole. 3-pyrroline. pyra^ole, imidazole, indole, indoiine and purine. 

5u The memod of daim 4 wherein me heterocyclic ring compound is substituted wim one or more substituents selected 
tfom the group compri^g aJKyl. cycioaiKyl aryi. alKoxy. arylalKyt. and aiKoxyaiKyi groups 

6. An elastomer comprised of 30 to lOO percent by weight of diene mcmomer comributed units and 0 to 70 percem by 
4ff weight by vinyl aromatic monomer comnbuied unrts and the elastomer contains an ena group represented by me 
formula: 



so 




wherein RrN represents a heterocyclic ring cxxitaining a nitrogen atxvn of a secondary amine as a ring atom 
and the ring being essentially free of substtiuentsor unsubstituted ring atoms that are reactive wim hthium or alKylene 
groups, and RissBleaedfrommegroupcorisisiingof alhy1.cycloaiKyl,alkenyl. aiKynyi. aryl and aralKyi having from 
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1 to about 20 caiDon moms ^nd short cnain lengm low nvriecuiar weigm polymdfS from tSotef m and vir^yi aryi mon- 
omers namng up to aoout 25 units 

7. The elastomer of oaim 6 wherein me rteterocyctic ring compouno comprises: 

5 



70 




Wherein H^ r^esenis 3 to aoout 20 ring methylene groups ano eacn oi the methylene groups Demg inqependently 
15 unsudatiiuted or substituted «tfiin eubetitueme that are non-reacttve witn htnium or diisopropenyl beruene 

8. The elastomer of claim 7 wherein each of the methylene groups in is independently unsubstrtuted or substituted 
wiin one or more substltuems selected from the group comprising aiKyi. cycioai)^ , aryt, aiKaxy« arytalKyl. and alKoxy- 
aiKyi groups 

so 

a Theeiasiomerofciaimfiwtiereintnehmefocyciicringcon^ndisseiecte^ 

pyrrolidine, hewmetnyteneimine. dodecamemylenernme. morphollnethiomorpholine. N-methyl-piperazine, N-aryl- 
piperaane, v(2-pyridyl)-p»pemzine. pyrroie. 3-pyrroline. pyrazole, imidazole, indole, indoiine and purine 

S5 10. The eiaetomer of claim 9 wherein the heterocyclic ring compound is euOStituted with one or more siDstnuems 
seleaed from me groi4> oomprising ai»^. cydoaiKyi. aryi. alKoxy, arytaikyl. and alKaxyallorl groups- 

1 1 . The elastomer or daim 6 additionally comprteir^ 5 to 80 parts by weltfit of camon biacK per 1 00 pans by weigm of 
elastomer. 

30 

12. The e^etomer of daim 6 aOdMnauy comprising 0.1 to lO phr of a vulcanizing agem 

13. A lire, a treaosiocK. a sidewaw or a tire body ply comprising the elastomer of claim & 

ss 14. A pawQT belt comprising the elastomer of claim 6. 

IS. A method of pr^aring a polymer having reduced hysteresis compns»ng polymerizing 30 io 100 percent weight 
of a diene monomer and 0 to 70 percent by weight of a vinyl aromatto hydrocaibon monomer in an aprotic solvent 
in the presence of a catalyocally effective erTX}um of an anionic initiator wherein the anionic imtiaior iS prepared by 
40 reacting (i) an organolithium corrpound with (2) a precursor functionalizing agent prepared by reaoing {aj a diiso- 
propei^yi benzene having me fornuila. 

K 



Ahereoi two of we Ba • R| radicals are isopropenyl ano the remaining - R, radicals are independently selected 
from the ^oup consisiing of hydrogen. aiKyl and cydoatttyl containing 1 To 6 carbon atoms, wnn (b) a neterocyctic 
ring compourvJ selected from me grogp consisting of ezacydoaihanes containing from 3 to20 rmg methylene groups, 
morphdinc. miomorpholine. N-lowOr alKyl-piperazine. rfar yl-piperazne. i ■26>yrdyl)-piperazine. pyrrole. 3-pyrroiine. 
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pyrazoie. imidazole, inooi^. inaoiine and purine, me heiertxryciic nng Ddng eawmiaily 1re$ of Suteuiuems or unsuD- 
9ticutecl nng atoms that are reactive with lithium or aPQriene groups 

16. The memod of daim 15 wherein the organoliihium campound conprises tne general idrmula RU wherein R is 
6 Qeiecied from the group consisiinQ of aiKyl. cydoalkyi. alkenyl. alKynyl. aryl and araiKyi having from 1 to about 20 

caiMrt arome ano snon chain length kw^ molecular weigm polymers from dioiefm and vmyi arifi monomers having 
up to aDOUt 25 units 

17. The memod of oaim 1 5 wherein the precursor functionalizino agent is fonned by reacung heitametftyleneimine and 
TO ditsopropenyl benzene. 

18. TTie method of cteim 1 5 wnerein the hmerocyclic nng compouixl is selected from the group Consisting of p^ 
pyrrOiC^e. hexamechyieneimine and dodecamethyleneimine 

IS ia The method of claim 1 8 wherein the heterocyclic hngoonpound is subetrtuted with one or more SuDstmiemseeiected 
from the group comprising alKyt. cycioaiKyi, aryl, alKoxy. aryialKyi. and aiKoxyalkyl groups 

20. The method of claim 1 5 wherein the step of forming the preci^sor f irf)cnonaii?ing agem induies the step of reacting 
me diieopropenyl benzene and the neterocydic ring conpound to a ratio ranging from at least 1 lo 1 . 

20 

21. The method of claim 1 5 wherein the st^ ol reacting the diisopropenyi benjene ano the precursor tunctionaittiao 
agent includes a step of torming a solution comprising from ^ut 0 2 to 3 0 mnrvoies of the precursor tunctionalixing 
agent per 1 mmoie of the organotitnium compound in an anhydrous aprotic solvent 

» 22. TTie n)ethod of daim i5 wherein the polymer corrpnses polybutadiene. 

23. TTte method of daim 15 wherein the polymer comprises styrene butadiene ritter. 

24, lh& method of claim 15 wherm the polymerization is a semi batch or a continuous polymerization 

50 

2& A polymer selected from the group consifitinQ of polyethylene and polystyrene, the polymer comaming an end group 
represented by the formula: 



35 



40 




wn^ein R,-N represents a heterocyclic ring containing a fMtrogen atom of a secondary amine as a ring atom 
and the ring being essentially free of sUiStituents or unsiisstiiuted ring atoms that are reactive wrth lithium, or 
aiKyiene grot<)s. artf R is selected from the group consistmg ot alKyi. cyctoalKyl. alKenyl. aihenyl. aryl and araiKyI 
having from 1 to about 20 caroon atoms and short chain length low molecular weight polymers from diotefin and 
vinyl aryl monomeis having up to about 25 unita 
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